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authors.The chloroplast signal recognition particle (cpSRP) and its receptor, cpFtsY, posttranslationally tar-
get the nuclear-encoded light-harvesting chlorophyll-binding proteins (LHCPs) to the translocase
Alb3 in the thylakoid membrane. In this study, we analyzed the interplay between the cpSRP path-
way components, the substrate protein LHCP and the translocase Alb3 by using in vivo and in vitro
techniques. We propose that cpSRP43 is crucial for the binding of LHCP-loaded cpSRP and cpFtsY to
Alb3. In addition, our data suggest that a direct interaction between Alb3 and LHCP contributes to
the formation of this complex.
Structured summary:
MINT-7992851: Alb3 (uniprotkb:Q8LBP4) physically interacts (MI:0915) with cpSRP43 (uni-
protkb:O22265) by two hybrid (MI:0018)
MINT-7992897: cpSRP43 (uniprotkb:O22265) and Alb3 (uniprotkb:Q8LBP4) physically interact (MI:0915)
by bimolecular ﬂuorescence complementation (MI:0809)
MINT-7993251: SRP43 (uniprotkb:O22265) binds (MI:0407) to LHCP (uniprotkb:P27490) by pull down
(MI:0096)
MINT-7993207: cpSRP43 (uniprotkb:O22265) physically interacts (MI:0915) with ftsY (uni-
protkb:O80842), LHCP (uniprotkb:P27490), SRP-54 (uniprotkb:P37106) and Alb3 (uniprotkb:Q8LBP4)
by pull down (MI:0096)
MINT-7993272: Alb3 (uniprotkb:Q8LBP4) and LHCB (uniprotkb:P27490) physically interact (MI:0915) by
bimolecular ﬂuorescence complementation (MI:0809)
MINT-7992960: cpSRP43 (uniprotkb:O22265) binds (MI:0407) to Alb3 (uniprotkb:Q8LBP4) by pull down
(MI:0096)
MINT-7993236: Alb3 (uniprotkb:Q8LBP4) binds (MI:0407) to LHCP (uniprotkb:P27490) by pull down
(MI:0096)
MINT-7993166: cpSRP43 (uniprotkb:O22265) physically interacts (MI:0915) with LHCP (uni-
protkb:P27490) and Alb3 (uniprotkb:Q8LBP4) by pull down (MI:0096)
MINT-7993118: cpSRP43 (uniprotkb:O22265) physically interacts (MI:0915) with Alb3 (uni-
protkb:Q8LBP4), SRP-54 (uniprotkb:P37106) and LHCP (uniprotkb:P27490) by pull down (MI:0096)
MINT-7993046: cpSRP43 (uniprotkb:O22265) physically interacts (MI:0915) with ftsY (uni-
protkb:O80842), SRP-54 (uniprotkb:P37106) and Alb3 (uniprotkb:Q8LBP4) by pull down (MI:0096)
MINT-7993004: cpSRP43 (uniprotkb:O22265) physically interacts (MI:0915) with SRP54 (uni-
protkb:P37106) and Alb3 (uniprotkb:Q8LBP4) by pull down (MI:0096)
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should be considered co-ﬁrst1. Introduction
The chloroplast signal recognition particle (cpSRP) acts post-
translationally in the delivery of the nucleus-encoded light-
harvesting chlorophyll-binding proteins (LHCPs) to their ﬁnal
location in the thylakoid membrane. The cpSRP forms a hetero-
dimeric complex consisting of a conserved 54 kDa GTPase
(cpSRP54) and a 43 kDa subunit (cpSRP43) that is unique tolsevier B.V. All rights reserved.
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by the cpSRP to form a soluble so-called transit complex. Re-
cently, it was shown that cpSRP43 is sufﬁcient to form a soluble
complex with LHCP and to prevent aggregation [2,3]. The target-
ing of the transit complex to the thylakoid membrane is medi-
ated by an interaction of cpSRP54 with the membrane-bound
GTPase, cpFtsY [4–6]. In a subsequent step, this complex
contacts the translocase, Alb3 [7], which is required for LHCP
insertion [8]. Alb3 is the chloroplast homolog of the evolution-
arily conserved YidC/Oxa1/Alb3 protein family that mediates
the insertion and assembly of a wide range of membrane
proteins in bacteria (YidC), mitochondria (Oxa1) and chloroplasts
(Alb3) [9]. The thylakoid membrane of Arabidopsis contains a
paralog of Alb3, named Alb4, that shows high sequence similar-
ity to Alb3 [10]. Currently, there is no evidence for a function of
Alb4 in LHCP insertion. Rather, Alb4 has been shown to be
required for the assembly of the chloroplast ATP synthase [11].
One critical step in LHCP insertion is the docking of the transit
complex and cpFtsY to the translocase Alb3. Moore et al. [7] re-
ported that cpSRP54 and cpFtsY form the translocation interface
together with Alb3 and that complex formation required neither
cpSRP43 nor LHCP. However, another study showed that His-
tagged cpSRP43 copuriﬁes with Alb3 from thylakoid membranes
[12], and recently, it was shown that the recombinant C-terminus
of Alb3 interacts with cpSRP43 [13].
In this study, we show that full-length Alb3 and a C-terminal re-
gion of Alb3 (amino acids (aa) 299–462) interact with cpSRP43
in vivo and in vitro, whereas no signiﬁcant binding was observed
with cpSRP54 and cpFtsY. The cpSRP43–Alb3 interaction is crucial
for the efﬁcient formation of a protein complex composed of
cpSRP43, cpSRP54, cpFtsY and Alb3. Furthermore, we show that a
combination of cpSRP and LHCP binds more efﬁciently to Alb3 than
cpSRP alone and suggest that a direct interaction between LHCP
and the C-terminal region of Alb3 (aa 299–462) contributes to
the formation of a cpSRP/LHCP/Alb3-complex. No interaction was
observed between Alb4 and components of the SRP pathway or
LHCP.2. Materials and methods
2.1. Cloning, expression and puriﬁcation of proteins
The coding sequences for the mature forms of Arabidopsis tha-
liana cpSRP43 (aa 61–376), cpSRP54 (aa 81–564) and cpFtsY (aa
41–366) were cloned into pETDuet™-1 (Novagen) using the
BamHI/HindIII (cpSRP43, cpSRP54) or the BamHI/AvrII restriction
sites (cpFtsY) for expression with N-terminal His-tags. The cod-
ing sequence for mature cpSRP54 was also cloned into pCOLAD-
uet™-1 (Novagen) using the NcoI/HindIII restriction sites,
resulting in a protein without any tags. The proteins were pro-
duced in Escherichia coli Rosetta™ (DE3) (Novagen). The coding
sequences for A. thaliana Alb3 aa 299–462 and aa 361–462 were
cloned into the BamHI/SalI site of pETDuet™-1 (Novagen). The
proteins were produced in E. coli ‘‘Walker” C43. Protein produc-
tion and puriﬁcation using Ni-NTA resin (Qiagen) were per-
formed as suggested by the manufacturer. The His-cpSRP
complex was formed by mixing cell lysates containing His-
cpSRP43 and cpSRP54. Protein puriﬁcation was performed as de-
scribed above. The coding sequence for mature cpFtsY (see
above) was also cloned into the pET52b(+) plasmid, leading to
an N-terminal Strep-tag. Strep-cpFtsY was produced in E. coli
ArcticExpress™ (DE3) RIL (Stratagene). The protein was produced
and puriﬁed using a Strep-Tactin Superﬂow Column (Novagen)
according to the manufacturer’s instructions.2.2. In vitro translation
The in vitro translation products were produced with the RTS
500 Wheat Germ CECF Kit as suggested by the manufacturer
(Roche). The coding sequences for A. thaliana Alb3 aa 299–462
and for the mature form of Pisum sativum Lhcb1 (aa 37–269)
(LHCP) were cloned into the pIVEX1.3WG (Roche) plasmid using
the NcoI/SalI restriction sites.
2.3. Protein binding assays
The indicated amounts of recombinant His-tagged proteins
were incubated with the indicated amounts of in vitro translation
products in 100 ll of 50 mM HEPES–NaOH pH 8.0, 300 mM NaCl,
1 mM DTT and 10 mM imidazole for 30 min at room temperature.
His-tagged proteins were repuriﬁed using Ni-NTA resin and eluted
with 250 mM imidazole. For Western blot analysis antibodies di-
rected against the His-tag (Qiagen), Arabidopsis cpSRP54, cpFtsY,
Alb3 and LHCP were used.
2.4. Assays for determining thylakoid binding
Salt-washed (SW) or protease- (trypsin) treated (PT) Arabidopsis
thylakoids (equal to 50 lg chlorophyll) were incubated with 2 lg
of His-cpSRP43, His-cpFtsY or GST for 30 min at 4 C. The thylak-
oids were washed in IBM [7] containing 500 mM NaCl unless
otherwise indicated or washed in IBM containing the indicated salt
concentrations or additional reagents. Thylakoids were analyzed
by SDS–PAGE and Western blotting using the antibodies described
above.
2.5. Construction of split-YFP plasmids and Arabidopsis protoplast
transfection
cDNAs encoding full-length Alb3, Alb3DC-term(D342–462),
full-length cpFtsY or the transit sequence of the small subunit of
chloroplast ribulose-1,5-bisphosphate carboxylase/oxygenase
(TSrbcs) fromP. sativum (residues 1–58 of full-length protein) were
cloned into the BamHI/SalI site of pUC-Spyce or pUC-Spyne [14].
pSpyne-Alb3 was constructed using the XbaI/SalI site of pUC-Spy-
ne. The indicated pSpyce-Alb4/Alb3 fusion constructs were gener-
ated using the overlap PCR technique. The coding sequences of the
mature forms of cpSRP43 (aa 61–376) and cpSRP54 (aa 81–564)
were cloned into the KpnI site of pSpyce-TS(rbcs) to yield
pSpyce-43 and pSpyce-54. pSpyne-43 and pSpyne-54 were gener-
ated using the XbaI/BamHI and SalI/SmaI sites of pSpyne-TS(rbcs),
respectively. The constructs pSpyne-Alb4 and pSpyce-Alb4 were
previously described [11]. The coding sequence of the mature form
of Lhcb1.1 (Arabidopsis) (aa 24–268) was cloned into the BglII/NotI
site of pUC-Spyce-MCS (donation of S. Pollmann). The transit se-
quence of Rbcs was cloned as described above. This vector provides
the N-terminal fusion of the YFP fragment to mature Lhcb1.1. Pro-
toplast transfection and immunodetection of YFP fusion proteins
were done according to Benz et al. [11].
2.6. Construction of split-ubiquitin plasmids and the split-ubiquitin
assay
The construct pAMBV4-Alb3 was previously described [15]. The
cDNAs coding for mature cpSRP43 (aa 61–376), cpSRP54 (aa 80–
564) and cpFtsY (aa 41–366) were cloned into the BamHI/SalI site
(cpSRP54, cpFtsY) or the BamHI/EcoRI site (cpSRP43) of pADSL-Nx.
The cDNA encoding mature Alb4 (aa 46–499) was cloned into the
XbaI/StuI site of pAMBV4. The split-ubiquitin assay was done
according to Pasch et al. [15].
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3.1. In vivo interaction between full-length Alb3 and cpSRP43
In a previous study, the recombinant C-terminus of Alb3 was
shown to interact with cpSRP43 [13]. Here we aimed to extend
the analysis of the interaction between Alb3 and components of
the cpSRP-pathway using full-length Alb3 and in vivo systems.
Therefore, we employed the yeast split-ubiquitin two-hybrid sys-
tem and the bimolecular ﬂuorescence complementation (BiFC) as-
say using Arabidopsis protoplasts (Fig. 1).
Yeast cells were cotransformed with two plasmids encoding
Alb3 or Alb4 fused to the C-terminal half of ubiquitin (Cub) and
one of the indicated soluble SRP-pathway proteins fused to a point
mutant of the N-terminal half of ubiquitin (NubG). Fig. 1A shows
that Alb3 interacts with cpSRP43 but not with cpSRP54 or cpFtsY.
No binding was observed between Alb4 and any of the soluble SRP-
components.
The BiFC system was used to investigate the potential
interactions of Alb3 and Alb4 with the soluble cpSRP-pathway
components in A. thaliana mesophyll protoplasts. Protoplasts
expressing cpSRP43 fused to the N-terminal fragment of YFPAlb3-
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Fig. 1. CpSRP43 interacts with Alb3 in vivo in yeast cells and Arabidopsis protoplasts. (A)
the indicated pADSL constructs. The pMBV4-Alg5 vector was used as a control (data no
resident yeast ER protein Alg5 fused to the C-terminal half of ubiquitin (Cub). The pADSL
type Nub (NubI) fused to various prey proteins. The plasmids pADSL-Alg5-NubG and
colonies were plated on permissive (-LT) and selective media (-LTH). Expression of the f
shown). (B) Arabidopsismesophyll protoplasts were transiently transformed with two pla
all control reactions, protoplasts were transformed with a combination of the indicated co
or cYFP (TS-cYFP, TS-nYFP). (C) Protoplasts transfected with Alb3-cYFP or cpSRP43-nYFP
The membrane pellet was washed with 0.2 M NaOH and centrifuged, and the supernatan
and a-HA antibodies. For the controls, untransfected protoplasts were used.(cpSRP43-nYFP) and Alb3 fused to the C-terminal fragment of
YFP (Alb3-cYFP) or the combination of cpSRP43-cYFP and Alb3-
nYFP show a strong YFP ﬂuorescence that overlaps with the chlo-
rophyll autoﬂuorescence. This result indicates that cpSRP43 and
Alb3 interact in chloroplasts in vivo (Fig. 1B). As in the split-ubiq-
uitin system, no interaction was observed between Alb3 and
cpSRP54 or cpFtsY (Table S1). In addition, we could not detect
binding of any of the SRP components to Alb4 (Table S1, Fig. 2C).
The expression and correct insertion of Alb4-cYFP into the thyla-
koid membrane were shown previously [11]. Here we showed that
Alb3-cYFP was also detected exclusively in the NaOH-washed
membrane fraction prepared from transformed protoplasts. In
contrast, cpSRP43-nYFP was found mainly in the soluble fraction
(Fig. 1C). In further control reactions, protoplasts were trans-
formed with a combination of the nYFP- or cYFP-fused cpSRP43,
cpSRP54, cpFtsY, Alb4 or Alb3 constructs and the corresponding
control plasmids encoding nYFP or cYFP that were imported into
the chloroplast by an N-terminal fused chloroplast transit se-
quence. No YFP ﬂuorescence was detected in any of the control
combinations (Fig. 1B and data not shown). Both the split-ubiqui-
tin and the BiFC results demonstrate that cpSRP43 directly inter-
acts with Alb3 in vivo.YFP chlorophyll overlay
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Fig. 2. CpSRP43 binding to thylakoids is protease-sensitive, salt-resistant and dependent on the C-terminal region of Alb3 (aa 314–462) in vivo. (A) Salt-washed (SW) or
protease-treated (PT) Arabidopsis thylakoids were incubated with recombinant His-cpSRP43, His-cpFtsY or GST. The thylakoids were washed and analyzed by Western
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mediated by a proteinaceous factor and is dependent on the C-
terminal region of Alb3 (aa 314–462) in vivo
To analyze whether the binding of cpSRP43 to the thylakoid
membrane is based exclusively on a protein-protein interaction,
salt-washed and protease-treated Arabidopsis thylakoids were used
for binding experiments. As shown in Fig. 2A, recombinant His-
cpSRP43 and His-cpFtsY, but not the GST control, bound to salt-
washed thylakoids. In contrast to cpFtsY, which contains a mem-
brane-binding motif [5], protease treatment led to a complete loss
of cpSRP43 binding. To exclude any residual protease activity, the
non-degraded nature of the recombinant proteins in the unbound
fraction was demonstrated (Fig. 2A). As shown in Fig. 2B, cpSRP43
could be removed from the membrane by alkali washing but not by
high ionic strength buffers, suggesting a salt-resistant stable inter-
action between Alb3 and cpSRP43.
A recent report demonstrated that the stromal C-terminus of
Alb3 (aa 339–462) binds cpSRP43 in vitro [13]. To clarify whether
this binding also occurs in vivo, we tested the interaction of
cpSRP43 with various Alb3 constructs using the BiFC system in
Arabidopsis protoplasts (Fig. 2C). As expected, no YFP-ﬂuorescence
was detected using cpSRP43-nYFP and Alb3(D342–462), which
lacks the stroma-exposed C-terminus. To test whether the Alb3
C-terminus is sufﬁcient to mediate the interaction with cpSRP43,we replaced the C-terminus of Alb4 with the Alb3 C-terminus
(343–462). However, the resulting fusion protein, Alb4(1–
326)Alb3(343–462)-cYFP, did not interact with cpSRP43-nYFP.
Therefore, a fusion construct was produced in which the ﬁfth
transmembrane domain and the C-terminus of Alb4 were replaced
with the corresponding region of Alb3. A clear interaction was ob-
served between the resulting construct, Alb4(1–300)Alb3(314–
462)-cYFP, and cpSRP43-nYFP (Fig. 2C). Taken together, the results
of our in vivo study support the in vitro ﬁndings of Falk et al. [13]
that the C-terminal region of Alb3 binds cpSRP43. However, our
data indicate that residues 314–462, which correspond to the ﬁfth
transmembrane domain and the stroma-exposed C-terminus of
Alb3, are required for an efﬁcient recruitment of cpSRP43 to the
thylakoid membrane in vivo.
3.3. CpSRP43 is crucial for the efﬁcient formation of a cpSRP/cpFtsY/
Alb3-complex
To analyze the role of cpSRP43 in the formation of a cpSRP/
cpFtsY/Alb3-complex, we tested the binding of His-cpSRP43, His-
cpSRP54, His-cpFtsY or a preformed His-cpSRP complex (consisting
of His-cpSRP43 and cpSRP54) and the combinations His-cpSRP54/
Strep-cpFtsY or His-cpSRP/Strep-cpFtsY to in vitro translated
Alb3(299–462). To prevent possible complex dissociation by GTP
activity of cpSRP54 and cpFtsY, all assays were conducted in the
4142 T. Bals et al. / FEBS Letters 584 (2010) 4138–4144presence of GMP-PNP. As shown in Fig. 3, Alb3(299–462) copuriﬁes
with cpSRP43, the cpSRP complex and a combination of cpSRP and
cpFtsY, but not with cpSRP54 or cpFtsY. A combination of cpSRP54
and cpFtsY precipitated a very small amount of Alb3(299–462).
The coprecipitation of Strep-cpFtsY with cpSRP/Alb3(299–462)
indicates that a complex consisting of cpSRP, Alb3(299–462) and
cpFtsY can be formed. Taken together, these data show that theHis
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Alb3(299–462) and in vitro translated LHCP. An unrelated His-
tagged protein was used as a control. As shown in Fig. 4A and B,
in vitro translated LHCP binds to cpSRP43 and cpSRP, respectively.
Interestingly, the addition of increasing amounts of Alb3(299–462)
led to a signiﬁcant increase in the amount of LHCP coprecipitated.
Likewise, the addition of increasing amounts of translated LHCP to
pull-down assays containing constant amounts of His-cpSRP43 or
His-cpSRP and Alb3(299–462) stimulated binding of Alb3(299–
462) (Fig. 4A and B). We did not detect signiﬁcant differences in
the amount of coprecipitated cpSRP54, indicating that the cpSRP
complex remained stable under the different conditions (Fig. 4B).
These data clearly show that a complex can be formed from three
components, cpSRP43 or cpSRP, LHCP and Alb3(299–462). In addi-
tion, they indicate that the formation of the complex containing all
three components is more efﬁcient than the binding of cpSRP43 to
LHCP or Alb3 alone. It is conceivable that LHCP-loaded cpSRP43
might have a higher afﬁnity for Alb3(299–462). Since it was shown
that cpSRP43 binds to an internal signal sequence of LHCP, the L18
region [16,17], we analyzed the effect of the L18 peptide on the
cpSRP43/Alb3 interaction. However, in contrast to the LHCP trans-
lation product, the presence of L18 did not promote the binding of
cpSRP43 and Alb3(299–462) (Fig. 4C). These data suggest that
binding of the L18 peptide to cpSRP43 does not result in a higher
afﬁnity of cpSRP43 to Alb3.
In bacteria, the GTPase cycle of FtsY and the SRP54 homolog, Ffh,
initiates the release of SRP from the translocon and the nascent
chain. To analyze the effect of cpFtsY in the presence of GTP on
the cpSRP/LHCP/Alb3-complex, we added Strep-cpFtsY to pull-
down assays including the preformed His-cpSRP complex, in vitro
translated LHCP andAlb3(299–462). Proteins bound toHis-cpSRP43
were recovered using Ni-NTA. The addition of Strep-cpFtsY in the
presence of GTP led to a decrease of precipitated Alb3, whereas no
signiﬁcant change in the amounts of precipitated cpSRP54 and LHCP
was detected (Fig. 4D). These data suggest that the GTPase cycle
triggers the release of cpSRP from the Alb3 translocon, whereas
additional components, e.g., a lipid bilayer or full-length Alb3, seem
to be required to initiate the release of LHCP from cpSRP.YFPA B
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To analyze whether an additional contact zone between LHCP
and Alb3(299–462) might contribute to the formation of the
cpSRP/LHCP/Alb3-complex (see Section 3.4 and Fig. 4A and B),
the binding of in vitro translated LHCP to recombinant His-
Alb3(299–462) was tested. As shown in Fig. 5A, LHCP copuriﬁes
with His-Alb3(299–462) but not to a signiﬁcant amount with
His-Alb3(361–462), which represents a part of the stromal C-ter-
minus, His-Alb4(283–499) or a control His-tagged protein. Binding
between LHCP and Alb3 was also observed using the BiFC system
in protoplasts (Fig. 5B). YFP ﬂuorescence was reconstituted in pro-
toplasts expressing nYFP-LHCP and Alb3-cYFP, whereas no interac-
tion was detected between nYFP-LHCP and Alb4-cYFP. In
accordance with the pull-down experiments, no YFP ﬂuorescence
was detected using a Alb4/Alb3 fusion construct in which the C-
terminus of Alb4 was replaced with the Alb3 C-terminus
(Alb4(1–326)Alb3(343–462)-cYFP), while the construct Alb4(1–
288)Alb3(296–462)-cYFP bound to nYFP-LHCP. These data indicate
a direct interaction between LHCP and Alb3 and suggest that this
interaction might contribute to the cpSRP43/LHCP/Alb3-complex
formation.
4. Discussion
In recent years, many details concerning the structural proper-
ties of the soluble cpSRP components and their intermolecular
interaction have been determined. However, little is known about
the docking of the transit complex and cpFtsY to Alb3, the molec-
ular events that trigger the release of LHCPs from the transit com-
plex and the recycling of cpSRP components.
In a study to analyze the docking of cpSRP and cpFtsY to the
membrane, Moore et al. [7] showed that, in the presence of
GMP-PNP, a cpSRP54–cpFtsY-complex associates with Alb3. They
suggested a model in which cpSRP43 functions as a linker between
LHCP and the cpSRP54–cpFtsY complex, which forms the binding
interface with Alb3. Another study reported that cpSRP43 colocal-
ized with Alb3 in mutant plants lacking cpSRP54 or cpSRP54/chlorophyll overlay
Alb3-cYFP
TS-nYFP-LHCP
Alb4-cYFP
TS-nYFP-LHCP
Alb4(1-326)-
Alb3(343-462)-cYFP
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TS-nYFP-LHCP
d recombinant His-tagged proteins were incubated with 10 ll of in vitro translated
te were detected by immunoblotting using antibodies against the His-tag and LHCP.
encoding TS-nYFP-LHCP and Alb3-cYFP, Alb4-cYFP or the indicated Alb4/Alb3-cYFP
4144 T. Bals et al. / FEBS Letters 584 (2010) 4138–4144cpFtsY and that cpSRP43 alone coprecipitates Alb3 from thylakoid
membranes [12]. These data suggested an interaction between
cpSRP43 and Alb3 but provided no direct indication of a protein–
protein interaction. Recently, a direct interaction between the
recombinant C-terminus of Alb3 and cpSRP43 was proven [13].
However, the physiological role of cpSRP43 in the cpSRP54/
cpFtsY-dependent LHCP transport remains unclear. Here we show
for the ﬁrst time that cpSRP43 interacts directly with full-length
Alb3 in a membrane environment. The binding of cpSRP43 to
Alb3 in the yeast-based split-ubiquitin system excludes the possi-
bility that an unknown thylakoid membrane protein connects
cpSRP43 to the translocase. The speciﬁcity of this interaction is
supported by the ﬁnding that Alb4, which shows high sequence
similarity to Alb3 (72% similarity) shows no binding to cpSRP43.
Since full-length Alb4 was used for the interaction studies, these
data extend the previous ﬁnding of Falk et al. [13], that cpSRP43
does not bind the recombinant Alb4 C-terminus. In addition, we
did not detect any interaction between Alb4 and the single cpSRP
pathway components, supporting the previous ﬁnding that Alb4
plays no critical role in LHCP biogenesis [10,11].
To clarify the physiological importance of the Alb3–cpSRP43
interaction, it is crucial to perform binding studies in the presence
of the other targeting components. In accordance with Moore et al.
[7], we observed efﬁcient assembly of a cpSRP, cpFtsY and Alb3-
containing complex. However, we show that this complex is only
formed efﬁciently in the presence of cpSRP43, which suggests a
model in which cpSRP43 links the cpSRP pathway components to
the translocase. Furthermore, our data suggest that cargo-loaded
cpSRP has an even higher afﬁnity for Alb3, which could prevent
the blocking of available Alb3 by ‘‘empty” cpSRP in vivo. Since a
direct interaction between LHCP and the C-terminal region (aa
299–462) of Alb3 was detected, we speculate that this interaction
positively affects the formation of a complex of cargo-loaded cpSRP
and Alb3. Recent work showed that the binding of cpFtsY to
cpSRP54 stimulates the GTPase activity of both GTPases [4,18].
Here we show that the formation of a complex of cargo-loaded
cpSRP and Alb3(299–462) is less efﬁcient in the presence of cpFtsY
and GTP. These results indicate that GTP hydrolysis by the SRP
GTPases triggers the release of cpSRP and cpFtsY from Alb3 for a
subsequent targeting cycle. The mechanisms that lead to the re-
lease of LHCP from the cpSRP are still unknown. To gain insight
into this mechanism and details concerning the insertion of LHCP
into the membrane, it will be important to analyze the interplay
of the cpSRP components, the substrate and the full-length translo-
case Alb3 in the presence of a natural lipid environment.
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